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CHAPTER I . Introduction. During my Master course at the University of Ottawa, Canada, I synthesized 
quinoline-TEMPO and I used it as pre-fluorescent probe for the detectlon of carbon-centered radica]s in dlfferent 
systems. The structure of quino]ine-TEMPO shows an enolic group similar to the enolic form of 2,4-pentanedione, 
which is an efficient ligand for transition and lanthanlde metal ions. Fro]n this observation, the idea to use cluinoline-
TEMPO for the preparation of metal complexes of porphyrin was born. The l'esearch objective of my study is to 
investigate the intramolecular spin coupling between the photoexcited triplet state of porphyrin and one or two 
radicals in a newly syntheslsed series of radical-excited triplet pai]'s system by time-resolved (TR) EPR and to 
realize the Intermolecular mechanism of spin coupling, at supramolecuiar scale, between four radica]s in a newly 
synthesised tetra-(quinoline-TEMPO)-yttrium complex by rT]a_~netic susceptibility and continuoL]s wave (cw) EPR. 
CHAPTER 2. Experimental. 
CHAPTER 3. Synthesis and characterization. New mono- (QTYTPP) and bis-(quinoline-TEMPO)-yttrium-
tetraphenylporphyrin comp]exes havin_~ potassium(1) (QT_2YTPPK) aild silver(1) (QT_9YTPPAg) counter ions have 
been synthesized and characterized by X-ray crystallography. The crystal structL]re of the bis-radical compiex having 
potassium counter ion shows that the lwo nitT'oxide radicals are bridged to the porphyrin l'ing by the ytt]'ium metal 
ion. Both are on tl]e same side with respect to the ring and point in opposite dlrections h'avlng* a distance of 15.8 A. 
The crystal structure of QTYTPP shol'vs that only one radical [s connected to the porphyrin ring through the yttrium 
metal ion together with one coordinating water molecule. 
The newly synthesized tetra-(.quinoline-TEMPO)yttrium(III) potasslum salt K'[Y(QT])]- shows interesting 
struc[ura] t'e'alures at rT]olecu]ar and supramolecu]ar levels, revealed by the analys is of the X-ray diffraction data. 
CHAPTER 4. Radical-triplet pair systems. Inter~lctions of stable free radicals with the photoexcited triplet states 
of' chT-omophores have offered the opportunity to investigate new exciled states. By directly connecting lhe r'adical 
moiety to chromophores and studying the TR-EPR spectra in solution, EPR specialists have obtained mLICh 
inforrr]ation about the mechanisms of interacLion. Excited states having spin multlplicity higher than the triplet state 
have been direct]y observed and intersystelT] crossing mechanis ms have been proposed to explain polarization 
pattems. Transitions between spin states having different spin quantL]m numbers a]~e explained by interactions due. to 
zero-field splitting terms. The interaction of one radlcal (S*=1/2) with photoexcited triplet state (Sfl) generates a 



















and doub]et (S=112) states. If a second i'adical is Introduced to the system in a way that the exchange intei'action 
between l~adicals Is small, the trlplet state experiences one more interaction with the second radical and a different 
serles of excited states is fonTled. The ground state maintains doublet character, due to non-interacting two radicals, 
but In this case the photoexcited states are sing[et (S=0), triplet (S=1) and qL[intet (S=2) states. In this relatively new 
area of research the quintet state has been a relevant tar*"*et of research. The newly synthesized molecules h.ave been 
studied by cw-EPR in thei]' _*"round state and by TR-EPR and two dlmensional (2D) nutation spectroscopy in the 
excitecl states after laser excitation. 
The cw-EPR spectra at room temperature and 90 K of QT2YTPPK and QT2YTPPAg show a cioublet character of 
the ground state leading to the conclusion that the exchange interaction between the radicals is much smaller than the 
hyperfine couplin_"_ constant. In the case of QT2YTPPAg small bro'adening can be ascribed to a: Weak dlpole-dlpole 
interaction between the two radicals. 
TR-EPR spectra were obtained at 30K for all the molecules. QTYTPP gave, 'as expected, the spectrum of a quartet 
state as a pair signa[, originating from the interaction of the photoexcited triplet state with one radical. The spectrum 
was successfully simLllated as the quartet state yielding 7-ero-filed splitting parameters (ZFS) D = 0.285 GHz. E = 
0.066 GHz. The D value for quartet was caiculated from those of the triplet and radical-triplet as DQ,, = (DT + DRT)/3. 
IDI I w'as' obtained from the spectral simulation of a diamagnetic 2,4.-pentanedione-yttrium-tneso-
tetr'aphenylporphyrin (AcacYTPP). By using the crystal structure oi' QTYTPP and the dipolar approximation of D~r, 
we obtained a value of 0.298 GHz, vL'hich assigned the observed spectrum to the excited quartet state. 
A definltlve experimental assignment of the multiplicit), of the state observed in the TR-EPR spectrLuTl was given 
by meaSuring the nutation frequency ( :/ ,,) at the fieids of the maximum and minllnLlm intensities of the pair signal. 
This spectroscopic technique allows to obtain the multiplicity of the excited state and to assign the specific magnetlc 
transitions within the sublevels of the states, which in this case were the magnetic transitions ~3/2 - ~1/2 in the 
quartet state. The bis-radical complex QT2YTPPK showed the same spectrum of QTYTPP indicatlng that only one 
radical is interacting with the photoexcited tr'iplet state. This result w'as explained by modulation or the radical-triplet 
interactlon _~:iven by the effect. in solution, of the potassium counter ion. Its large size (1.52 A.) probably induces one 
ol' the two radicals to position ,at ftu~ distance from the poll;)hyrin, resulting in no interaction. 
B),, Substitution of the potassium counter ion with a smaller ion such as silver(1) (1.16 A) QT2YTPPAg was 
obtained. The TR-EPR spectrum In frozen solution of this molecule gave a new spectrum, still consisting of a pah-
signals but with a much snlaller splittin*"*. The specti'um was successfully simulated as a quintet state yielding the 
ZFS parameters D = 0.157 GHZ and E = 0.0105 GHz. Tlle D value for quintet was also calculated with a strategy 
slmilar to the case of QTYTPP as D(~i = (DT + DRiT + DRJT)/6 + (1/12)Dl~lR2. This provlded D = 0.163 GHZ and the 
assignment of the excited cluintet state. Measurements of the, nutation frequency ( v ,,) also assigned the obsei'ved 
signal as the magnetic transitions ~2 - ~ I of the exclted qulntet state. 
TR-EPR spectra of all the molecules under investigations were also obtained in liquid solution. Simulation of 
spectra gave the isotropic g values, which were used to assign the multiplicity of the observed slgnal by comparison 
with calculated ones. QTYTPP and QT2YTPPK ga¥'e the s'.mle spectra consistin*"*, at early tlmes, of one broad sign'al 
(0.02 !-! s): at later' times the polarized three lines signal of tlle doub[et ground state were observed, first emissive 
(0.3 !1 s) and then absorptive (9 f! s). The g value of the broad si_~nal was obtained as 2.0019 (half width at half-
height ( A B]f = 2.4 mT). This was identical to the calcL[lated one from the equation g~,. = 1/3(.gT + gR) for the quartet 
 state. The si*"_na] was asslgn to the excited quartet state, ori**･inated from the ma**~netic transitions +1/2 - -1/2, since 
the transitions ~3/2 - i~ 1/2 are expected to be much broader. 


















QT2YTPPAg ~:ave 'a broad signal at early limes (,0,1 fl s) ~lnd emissive polarized radic~ll signal at all times. The 
broad signal was simulated wlth two Lorentzian line shapes h~lving +" = 2.0030 ( ~ B1'i = /~.or mT) 'and **" = 2.0019 ( ~~ 
B]/* = 2.3 mT). The g v',llue of the first line shape Is identical to the ca]cu]ated g vLllue f'or the quintet stale obrained 
with equation gc'i = ll2gT + ll4gRl+ l/4gR~' The secol~d line sh'ape Introduces the possibi]ity lhat a sma[1 amOunl oi' the 
s i*~*nal of the excited quartet state is also observed. 
CHAPTER 5. Supramolecuiar structure of (tetra-radical)-yttrium compiex. The magnetlc susceptibility and 
EPR daltal oi' K'[Y(QTl] corroborated with structural consiclerations showed that the exchange 'ancl dipolar spin 
coupling inter'actions are t'.tking place at the nodes assembling the supramolecular 2D structure. The Y(Ill) center 
shows anliprismatic octacoordination. close to the Idea]ized DJ sylnmetry. The diam2lgnetic tr2tnsition metal plays no 
role in mediLrting the radical interactions since the TEMPO-type fr~lgments alre rcmote from the chelittin~: moieties of 
the ligalnd. In turn, significant interaction occu]'s on the nodes consisting in the cluasl-rectangular coordination of 
potassium counter-ions by the spin-bearing TEMPO groups coming f]'om four dis'tinct complex units. The 
antiferromagnetic susceptibility was conslstently mocieled by a spin Ha~lliltonlan based on the rectangle topolo*"*y of 
four spins S = ll2. The fitted exchange pLu'ameters are Ja = -5,1 cm and Jb = -3.4 cm I for the edges. ilTlposing Jd = 
O fo]' the diagonal. These values are in excellent a~reement ¥vith the 'ab initio resulls Ja = -4.8-3 cm i, Jb = -3.44 cm l. 
Jd = -0.07 cm~] obtained in a CASSCF(12.8) calculation. Based on the rellability of the ab initio results ',ve could 
select the presented J parameters among several versions of multlple solutions with acceptatble goodness of the fit. A 
methodologlcal caveat about the autom'atic use of best fil parameters in the context of l'elative blindnes s of magnetic 
Susceptibi lity modelling*. Is raised. 
The delalls of lhe EPR spectrum at lOK are also consistent. in the frame of dipola]' approximation. wllh the model 
of four interacling spins at the nodes oi' the suprLllnolecular assembl ing. 
CHAPTER 6. ConcIUSion. 
l. A new series of radlc'a]-triplet pairs has been synthesized and cha]'acterized by X-ray crystal]ography. 
2. The EPR spectr(~ of mono- and bis-radic~ll )lttrium complexes of ,neso-tetraphenylporphyrin were observed. in 
liquid and frozen solution. in their ground state~.' and excitecl states. 
3. Spectral simulatians of TR-EPR spectr~a in frozen and iiquid solution gLlve ZFS parameters and g values, which 
we]~e compared with the theoreticall ones. The excited cluartet state was observed for mono- and bis-radical 
complexes havin**" potassiLim counter ion. The excitecl cluinlet st,~te ¥vt~s observed in ihe bis-radica] complex 
havin_(T_ silver as counter ion. 
4. 2D nutatlon spectroscopy v~'as emp]oye.d to c]ear]y assi*..(lrn the spin n~u]tip]icities of the observed excited states in 
frozen solutions. 
5. The r_rystals structure of a ne¥v tetra-(c]uinoline-TEMPO)yttrlum potassium salt complex has been presented. 
showing a supramo]ecular as sembly through coordination of t'our TEMPO free radical]s to the pot~lssium 
counter ion. 
6. The magnetic properties orlginating from the rectangular topolo_cr_y of four interacting nitroxides have been 
analyzed by the measu]'ement of magnetic susceptibility. 
7. Cw-EPR speclrum was obtained at lOK and explalined in terms of the dipolar interactions wilh lhe simu]ation 
of the lowest excited triplet stale. 
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 論文審査の結果の要旨
 本論文は,電子スピン間の相互作用により得られる新しい性質に着目した研究であり,1)電子励起
 状態の新しい性質と2)ラジカル錯体の基底状態の新しい性質を創出した研究からなる。論文の特徴と
 得られた結果は翔、下のようにまとめられる。
 1.新しいタイプの励起状態の生成とスピンによる反応制御の研究の一環として,励起三重項とラジ
 カルを相互作用させる新しい系の創製を行った。励起三重項にラジカルを1つ相互作用させると,
 励起四重項,2つ相互作川させると励起五重項ができるという発想に基づくものである。ラジカル
 としては,彼が初めて合成に成功したキノリン誘導体ラジカルを用いた。
 2.これまでの金属錯体(亜鉛ポルフィリン)一ラジカル軸配位系からの脱却をはかり,直接の結合
 系で構造がX線回折で決められる分子の合成と,それらのESRと磁化率測定によるキャラクタリゼ
 ー ションを目的として研究を行った。
 3.イットリウムポルフィリンにラジカルをacacで結合させた,ラジカルを一一つもつ錯体と2つもつ錯
 体2種を合成し,X線回折による構造決定に成功した。また,ESR測定から溶液中のラジカル数も
 確定させた。
 4.トルエン巾・低温の時間分解ESRスペクトルの観測とスペクトルのシミュレーションから,スピン
 の多重度を解析した。その結果,ラジカルを一つもつ錯体では,予定通り,励起四重項の生成が
 確認された。ラジカルを2つもつものについては,カウンターカチオンによって,励起五重項と四
 重項が生成し,カウンターイオン(KとAg)によって,励起状態を制御できることが分かった。
 これらの結果は,パルスESR法によるスピン状態の決定法一ニューテーション分光法一でも確認
 された。
 5,時間分解ESRの測定からトルエンの常温溶液中でも,固相中と同じスピン状態をとることが分かっ
 た。ポルフィリン系における溶液中の励起五重項信号の観測は初めてである。
 6.同じラジカルを用いて,Kを中心とする4つのラジカルからなる新規常磁性錯体を合成し,結晶構
 造の解析に成功した。磁化率とESRスペクトルの測定から,スピン状態を1つの五重項,3つの三
 重項,2つの一⊥重項を用いて解析した。
 以上の結果は,LucaMarettiが自立して研究を行うに充分な研究能力と学識を有することを示している。
 したがって,本博・」』論'文は,博士(理学)の学位論文として合格と認める。
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